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Abstract 
Concentrating solar power (CSP) technologies constitute achievable commercial options for large scale power plants as well as 
for smaller electricity and heat generating device.  
Archimede Solar Energy (ASE), with the strong contribution of his shareholder Chiyoda and thanks to the important support 
given by industrial partners†, set recently in motion a Molten Salt Parabolic Trough (MSPT) Demo Plant, with the aim to deepen 
the knowledge about economy and reliability of  Molten Salt Parabolic-Trough receivers and Power Plants. 
We present the first characterization of ASE receiver tubes operated on the MSPT Demo Plant and on an indoor test bench as 
well as the Demo plant outcome regarding operational temperatures and heat loss. 
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1. Introduction 
Over the last century an ever-increasing portion of energy has come from non-renewable sources such as oil and 
coal. While energy claims rise, these resources are running out and scientists are exploiting renewable sources of 
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energy for the future. 
Parabolic trough technology is the most commercially mature Concentrating Solar Power (CSP) technology, 
accounting for the majority of the currently installed CSP capacity.  
A parabolic trough power plant generates electricity using sunlight as heat source for its power cycle. It consists 
of a modular array of single-axis-tracking parabolic trough solar collectors extending across the solar field, usually 
aligned on a north-south horizontal axis. The sun-heated receivers warm a mineral oil heat transfer fluid (HTF) up, 
which is pumped through them towards a power block where heat exchangers produce steam to run a Rankine steam 
turbine power cycle. Then the HTF returns to the solar field to be re-heated and continue the cycle. 
The mineral oil is limited to about 390°C by its thermal stability. Molten salts are well known to maintain their 
liquid state above 500°C, allowing the system to operate at much higher temperatures (than mineral oil) and low 
pressure both for energy capture and heat storage.  
A transition to higher solar field temperatures would yield strategic advantages in power cycle and storage 
efficiency and molten salts are seen as a promising way to achieve these goals. The effects of such improvements 
have been discussed and reported in several papers [1,2]. It is reported that Levelized Cost of Electricity would be 
reduced from 20% up to 45% depending on solar field dimension, optimized heat collector elements, DNIeff and 
other site specific conditions. 
Archimede Solar Energy (ASE), with the strong contribution of his shareholder Chiyoda and the support given by 
industrial partners, sets recently in motion a Molten Salt Parabolic Trough (MSPT) Demo plant with the aim to 
deepen the knowledge about economy and reliability of molten salt parabolic-trough receivers and power plants. 
In this paper, we present the first characterization of ASE receiver tubes operated on the MSPT demo plant and 
on an indoor test bench as well as the Demo plant outcome regarding the operational temperatures and loop heat 
loss.  
2. Laboratory tests on solar receivers  
Solar receiver tubes (HCE) are key component of a CSP plant since the quality of their technical characteristics, 
especially high optical efficiency and low thermal emittance, has critical influence on the overall plant efficiency.  
Particularly, heat loss through convection and radiation processes plays an important role in the thermal 
efficiency of the HCE. A number of theoretical and experimental studies have shown that solar receiver tube’s heat 
loss may depend on several factors such as the receiver geometry, the optical parameters of absorber coating, natural 
convection, wind, heat conduction, ambient temperature, heat transfer fluid properties, vacuum condition and so on 
[3,4,5,6].  
Heat Loss test are performed by Joule effect, applying to the receiver tube a DC current and adjusting it in order 
to keep a constant temperature (measured at the steel tube by means of two thermocouples).  
The heat loss is then equal, at the steady state, to the supplied power (ܪܮ ൌ  ൌ  ή ο, with   e ο supplied 
current and voltage drop at the edges of the tube, respectively). The values shown in the following paragraphs are 
directly obtained from the test bench in ASE and no correction for either axial heat loss or bellow shields are added. 
We would like to point out that the test bench is not intended to give absolute values for heat loss, yet it has shown 
high reliability and repeatability hence it can be considered an excellent facilities to compare different receivers or 
to measure variations on the same sample. 
The resultant plots show heat loss as function of the absorber tube and the corresponding function is calculated 
by fitting with a degree IV polynomial: 
 
ܪܮ ൌ ܿଵ ௔ܶ௕௦௢௥௕௘௥ ൅ܿସ ௔ܶ௕௦௢௥௕௘௥ସ (1)

We believe the function, although empirically chosen, can be related to the HCE heat loss assuming that, if a 
degradation in the thermal performances is due to an increased thermal exchange with the environment, the 
noticeable change in coefficient c1 with respect to c4 can be seen as the hint that the linear coefficient is linked to the 
convective heat exchange.  
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To support this assumption, we have measured heat loss of a solar receiver tube with not-sealed glass jacket (in 
Table 1, vacuum lost) and compared to sealed tubes taken from the production line (with different vacuum level, in 
Table 1 vacuum ok and vacuum nok) and the MSPT Demo plant in ASE (demo 1 and 2).  
Fitting coefficients c1 increase up to 1 with increasing degradation of vacuum level in the annulus; fitting 
coefficients c4 do not show significant variations. 
These considerations are merely qualitative, nevertheless they can be useful to compare the behavior of solar 
receivers in the next paragraphs.  
Table 1. Fitting coefficients c1 and c4 for different solar receiver tubes.  
 
vacuum lost 
vacuum nok  
(§ 0,1 mbar) 
vacuum ok 2100hrs demo 1 demo 2 
c1 1,01  0,5 0,19 0,17 0,182  0,178 
































Fig. 1.  Laboratory test on solar receivers in ASE: (a) Heat Loss aging at 550°C over an extended period ; (b) Heat Loss comparison before (red 
dots) and after 2170 hours (black) at 550°C ; (c) Heat Loss cycles between 550°C (black) and 290°C (red). 
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Some specific conditions, as solar receiver tubes aging over long periods, have been assessed on laboratory test 
bench.  
Heat Loss aging at 550°C over an extended time period has been evaluated and the results are reported in Fig. 1a. 
showing no substantial variation after 2100 hours. The oscillations observed in the heat loss measurements are 
actually due to the quality of the voltage drop contact.  
The tests have been performed on two different test bench configurations (1. Regulating DC current to keep set 
temperature constant; 2. Applying constant current and measuring temperature in steady conditions), thus giving 
consistency to the  measurements and explaining also the different error bar scale.  
In order to demonstrate the unvarying quality of the receiver tube under observation, heat loss as function of 
absorber tube temperature before and after aging at 550°C have been compared in Fig. 1b. Comparison of fitting 
coefficients confirms the absence of degradation. 
 Additionally, in Fig. 1c are reported the results of ongoing indoor heat loss temperature cycles between 550°C 
and 290°C. The early 200 cycles are shown: heat loss varies  between 103W/m e 785W/m and remains constant, 
after an initial performances decreasing due to the expected stabilization of the optically selective coating properties. 
3. MSPT demo plant description 
The MSPT Demo plant consists of 6 parabolic linear collectors (144 solar receivers tubes) arranged in two lines 
North-South oriented, and it is to be operated using molten salts only (binary mixture, 40% KNO3 — 60% NaNO3), 
at temperatures above 550°C (Fig. 2a).  
It is also equipped with a 5 hours Thermal Energy Storage, which includes two cylindrical tanks (about 25 cubic 
meter each) at fixed temperature and variable salt volume, kept at atmospheric pressure.  
The effective operative working time at nominal condition is limited by the storage dimensions: the rated solar 
field thermal power is larger than the thermal duty of the air cooler. Because of such limitation, the tracking 
operation of the solar field has to be interrupted in order to slowly cool down the hot tank (Fig. 2b, a more detailed 
account is reported elsewhere). 
For the first year of operation, collected heat has been dispersed into the environment by means of a Molten Salt 
to air heat exchanger; by summer 2014, a Steam Generation unit will be realized and operated on the plant. 
To this day, the MSPT Demo plant has been operational for approximately 5500 hours with the salt molten at 
temperatures higher than 250°C, and a some hundreds hours at temperatures higher than 500°C. 
Thermocouples are placed at the inlet and the outlet of the entire loop and every solar collector in order to record 
the temperature behavior along the plant. Collected data are used to evaluate the heat loss over every solar collector 
assembly (SCA) and the complete loop.  
In order to have a case model of the possible heat loss for a solar collector in an outer section and in an inner 
section of the loop,  heat loss are measured  for solar SCA 1 and SCA 5, respectively, and reported as dots in Fig. 2c. 
Blue line corresponds to the ideal heat loss for a solar collector assembly of 24 solar receiver tubes, without any 
structural heat loss and calculated using the fitting coefficients reported in Table 1 (vacuum ok).  
As can be seen in the plot (Fig. 2c), the agreement between measured and calculated data is rather good, even 
though such a basic calculation underestimates the real measured behavior of the solar collectors as a consequence 
of additional heat losses from flexible hoses, supporting brackets and connection fittings. 
4. Laboratory tests on solar receivers from demo plant 
The MSPT Demo plant is, of course, the ideal test bench for evaluation of the solar receiver tubes capabilities. 
Nevertheless, the complex construction of a solar collector assembly does not allow to determine accurate 
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Fig. 2. (a) Schematic overview of the MSPT Demo plant; (b) comparison of MSPT Demo plant outlet temperature and  the DNI around noon in 
summer in Massa Martana; (c) Heat Loss measured over solar collector 1 and 5 and estimated values according to the heat loss corfficient of 
HCE; (d) integrated working time of the MSPT Demo solar collector 3 and 4 during commissioning time frame; (e) Heat Loss of solar receiver 
tubes measured on the lab test bench before and after being operative on the MSPT  Demo; (f) Heat Loss comparison. 
Receiver tubes have been have been taken down from the central part of the demo plant (SCA 3 and 4) and their 
heat loss before and after the commissioning time frame have been compared. In Fig. 2d, the integrated working time 
for SCA 3 and 4 is reported, as reference working time for the HCE heat loss test which will be discussed in the 
following paragraph. The limited effective working time reported in Fig. 2d refers to the first four months the demo 
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plant has been operating, after which the receiver tubes have been taken to the lab for the investigation reported in 
the next paragraphs.   
In the graph (Fig. 2e), symbols (x) refer to two receiver tubes measured during the standard indoor test bench 
before the tubes were welded on the solar collectors (production line procedures require “one point” heat loss 
measurements at 550°C). The dotted lines stand for the heat loss measured on the same apparatus after the receivers 
tubes were taken down from the solar collector. Even though the “one point” measurements do not allow a fitting 
procedure to properly compare the behavior of the solar receivers, comparison between heat loss value at 550°C for 
the very same tube before and after the demo timeframe shows differences which can be considered as part of the 
experimental error of such measurements.  Fitting values c1 and c4  are comparable with the ones obtained for ASE 
heat loss reference (see Table 1). 
No substantial modifications can be observed in the receivers behavior before and after the demo plant time 
frame.  
Fig. 2f shows a summary plot of the heat loss of solar receivers which have undergone the tests described in this 
paper. Vacuum ok in Table 1 relates to reference heat loss values used as for ASE production testing procedures.  
Comparison with the solar receivers from the MSPT Demo plant and the aging test in the lab clearly asserts the 
absence of any evolution of thermal performances (confirmed also by the fitting coefficients in Table 1 which show 
no significant difference).  
5. Conclusion 
The MSPT Demo plant, set in motion by ASE, represents the first stand-alone Molten Salt Parabolic Trough 
Solar Plant and will provide a benchmark of the performances and operating procedures of such a technology and a 
focus for research oriented to the new CSP frontiers, as well.  
Furthermore, ASE solar receiver tubes have been mounted on the MSPT Demo plant and the its operational time 
frame has been exploited for the evaluation of their characteristics.   
Despite the rather short equivalent time frame of the evaluation test compared to solar receivers expected 
lifetime, the (still ongoing) test campaign has shown that ASE solar receivers present no changes in their heat loss 
properties after being operational on the solar collectors of the MSPT Demo plant. Furthermore, their properties 
have been proved to feature good time stability as a result of extended aging and cycling test.  
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